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(57) ABSTRACT

An extruder 10 comprises a barrel 12 and a screw 24 mounted
in the barrel for rotation. The screw comprises screw threads
26a, 26b, 26¢. The barrel has an inlet funnel 22 toward one
end for material to be extruded and a die plate 18 with open-
ings 20 at the other end and an air inlet port 28 toward one end
of'the barrel and an air outlet port 30 toward the otherend. The
screw threads are such that material 34 in the barrel is moved
more quickly along the portion of the barrel between the air
inlet port and the air outlet port than upstream of'that portion.
The air outlet is connected to a pump 32 so that there is a
pressure difference between the air inlet and the air outlet.
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1
EXTRUDER

FIELD OF THE INVENTION

This invention relates to extruders. Extruders are used to
force materials, usually plastic materials, through dies and are
particularly useful when it is required to work or mix the
material prior to extrusion.

DESCRIPTION OF RELATED ART

Extruders typically comprise a barrel within which rotates
a close fitting screw. The screw is made up of screw elements,
some of which are helical screw threads to move material
through the barrel. Material is introduced into the barrel
toward one end, moved along the barrel by the action of the
screw and is forced out of the barrel through a nozzle or die at
the other end. The rotating screw mixes and works the mate-
rial in the barrel and compresses it to force it through the die
or nozzle. The degree of mixing and work to which the mate-
rial is subjected, the speed of movement of the material
through the barrel and thus the residence time in the barrel and
the pressure developed in the barrel can be controlled by the
pitch of the screw thread elements, the speed of rotation of the
screw and the rate of introduction of material into the barrel.

Extruded material may be treated after extrusion; for
example, the material may be dried of water or other liquid. It
would be advantageous were it possible to begin this treat-
ment in the extruder. It is known to draw a vacuum on the
extruder barrel, for example to flash evaporate liquids within
the extruder. A vacuum is applied to the extruder barrel
through a port provided in the barrel wall. However, some
materials are temperature sensitive so that a sufficiently low
boiling point of the liquid to be removed can only be reached
at very low pressure. The extruder and its contents can be
cooled, but this is inefficient and may still be inadequate to
preserve the extruded contents.

SUMMARY OF THE INVENTION

According to the invention there is provided an extruder
comprising: a barrel and a screw mounted in the barrel for
rotation, the screw comprising screw elements and the barrel
comprising: an inlet toward one end for material to be
extruded and an outlet for the material toward the other end;
and a fluid inlet and a fluid outlet in the barrel wall, the fluid
inlet and the fluid outlet being separated along the barrel wall
in the longitudinal direction thereof and the screw elements
being such that material in the barrel is moved more quickly
along the portion of the barrel between the fluid inlet and the
fluid outlet than upstream of the said portion, one of the fluid
inlet and the fluid outlet being connected to a pump so that
there is a pressure difference between the fluid inlet and the
fluid outlet. Preferably, the fluid outlet is closer to the material
outlet than is the fluid inlet. The extruder may be a twin screw
extruder.

Also according to the invention there is provided a method
of extruding material comprising forcing material through an
extruder barrel from a material inlet to a material outlet and
additionally flowing a fluid through the extruder barrel from
a fluid inlet to a fluid outlet.

The present invention provides a method and apparatus
which allows drying, that is, partial or total removal of water
or other liquid, or other treatment of material to take place in
an extruder barrel without the need to subject the material to
elevated temperature.
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2
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic representation of a section through a
preferred extruder apparatus of the invention.

FIG. 2 is a schematic representation of a section through an
extruder according to one embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The invention will be further described with reference to
the drawing which shows schematically a section through a
preferred extruder according to the invention.

The extruder 10 of the drawing includes a barrel 12 having
a cylindrical side wall 14 and an end wall 16. The end of the
barrel 12 opposite the end wall 16 is closed by a die plate 18
having openings 20 therethrough. Toward the opposite end of
the barrel 12 from the die plate 18 is an inlet funnel 22 through
the cylindrical side wall 14, through which material to be
extruded can be introduced into the barrel.

A screw 24 having helical threads 264, 265, 26¢ is mounted
longitudinally in the barrel 12 for rotation therein. The screw
24 is a tight fit in the barrel 12. The extruder 10 is shown as
having a screw 24 composed entirely of screw thread ele-
ments. [t may be useful to include other elements on the screw
24 to mix or otherwise manipulate the material being passed
through the extruder.

An air inlet port 28 extends through the side wall 14 of the
extruder barrel between the inlet funnel 22 and the die plate
18. An air outlet port 30 in communication with a pump 32
extends through the barrel side wall 14 adjacent the die plate
18. The outlet port 30 is provided with means for connection
to the pump, such as screw threads on its outer surface. It will
be appreciated that instead of using a pump to draw air out of
the barrel through the outlet port 30, air may be pumped into
the barrel through the air inlet port 28.

The portion of the screw 24 in the middle zone Z2 of the
barrel 12, generally between the air inlet 28 and outlet 30,
carries screw threads 265 of a wider pitch than the screw
threads 26q in the upstream zone Z1 of the barrel 12 and the
screw threads 26¢ in the downstream zone Z3 of the barrel 12.

In some embodiments, not shown, one of the air ports is
absent and air is instead bled in or out of the barrel 12 through
an aperture in the die plate 18. In some embodiments, not
shown, the air outlet port may be provided by the material
inlet funnel 22.

In use, the screw 24 is rotated in a conventional manner, by
means not shown in the drawings. The material to be extruded
is introduced into zone Z1 of the extruder barrel 12 through
the material inlet funnel 22 and is mixed, compressed and
moved along the extruder barrel 12 toward the die plate 18.
The pitch of the screw thread 24aq in the upstream zone 71 of
the barrel is such that the material 34 fills the barrel 12 in zone
71, upstream of the air inlet port 28, as shown by the broken
line in the drawing which indicates the upper surface of
material 34 in the barrel. The material moves into the more
widely pitched screw threads 265 in the middle zone Z2 of the
barrel which move it more quickly toward the die plate 18,
reducing the height of the material in the barrel, as shown by
the dashed line in the drawing. When the material 34 passes
into the downstream zone 73, the more narrowly pitched
screw threads 26¢ at or downstream of the air inlet port 28
move the material more slowly again, so that it fills the barrel
12 in zone 73 and is extruded under pressure through the
openings 20 in the die plate 18. As can be seen from the
broken line in the drawing, the material 34 only partly fills the
barrel 12 in the region between the air inlet port 28 and the air
outlet port 30, and the air inlet and outlet ports are in fluid
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communication with each other; the fit between the inner
surface of the barrel 12 and the threads 26 of the screw 24,
although tight, permits air flow along the barrel from the inlet
port 28 to the outlet port 30.

The pitch of the screw thread 264, b, ¢ is chosen so that at the
intended operating speed and throughput of the extruder, the
material fills the extruder barrel 12 upstream of the air outlet
port 30 and downstream of the air inlet port 28.

As shown by the arrows in the drawing, air is drawn by the
pump 32 into the extruder barrel 12 through the air inlet port
28 (or in some embodiments through an aperture in the die
plate 18), passes over the material 34 in the extruder barrel
between the air inlet port 28 and the air outlet port 30 and is
exhausted through the air outlet port (or in some embodi-
ments through the material inlet funnel 20). This allows the
air to interact with the material in the extruder barrel to dry or
otherwise modify it.

The drawing shows fluid passing through the extruder bar-
rel co current with the material being extruded. The extruder
can be operated with the fluid flowing in counter current to the
material. The extruder of the drawing uses a helical screw
thread of varying pitch to move the material through the
extruder barrel at different rates. Other means may be used to
move the material at different rates. For example, a screw
thread of constant pitch but with a screw axle of varying
diameter may be used, so that the depth of the helical channel
defined by the thread and the internal wall of the barrel varies.
The axle diameter may be varied by one or more sleeves
fitting around an axle of constant cross section. The material
will be moved more rapidly through regions of the barrel
where the axle is of relatively small diameter and more slowly
through regions where the axle is of relatively large diameter.

Fluids other than air can be pumped through the extruder
barrel to interact with the material therein. The fluid flow may
be used to dry or otherwise modity, including chemically, the
material in the extruder barrel.

The extruders of the invention find particularly application
in the extrusion of chocolate crumb. The crumb ingredients,
sugar, milk powder, water and cocoa mass, are introduced
into the extruder with a total water content of; typically, about
5% to about 6.5% by weight. The ingredients are mixed in the
extruder and the temperature is maintained below about 80°
C. As the ingredients pass along the extruder barrel they are
mixed and exposed to air flowing through the barrel from the
air inlet port to the air outlet port. About 0.5% to about 1%
absolute of the water in the crumb can be removed in the
extruder. The crumb may be extruded from the extruder at
about 3.5% to about 6% water by weight, reducing the drying
requirement during the further processing of the crumb,
although more water can be removed in the extruder reducing
still further the drying after extrusion or avoiding the need for
further drying altogether. For the extrusion of chocolate
crumb, it is preferred that the temperature inside the extruder
barrel remains below about 80° C., preferably between about
60° C. and about 75° C., and that the airflow through the
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extruder barrel is about 0.005 m®/kg to about 0.1 m’/kg of
crumb passing through the extruder. This air flow can be
achieved by a pump connected to the air outlet port drawing
between about 600 mbar and about 900 mbar absolute pres-
sure. The residence time of the crumb in the extruder is
preferably between about 10 seconds and about 60 seconds.

The following example shows the application of the
method of the invention using an extruder according to the
invention.

A chocolate crumb paste having the following composition
was introduced into the barrel of an extruder configured in
accordance with the invention and extruded. Air was drawn
through the extruder barrel by pumping air into the air inlet, as
described above.

INGREDIENT WEIGHT %
sugar 55
skimmed milk powder 20
whey powder 5
lactose 5
cocoa mass 10
water 5

The extrudate was a uniform paste containing 0.5% to 1%
absolute by weight less water than in the paste introduced into
the extruder.

The invention claimed is:

1. An extruder comprising: a barrel and a screw mounted in
the barrel for rotation, the screw comprising screw elements
and the barrel comprising: an inlet toward one end for mate-
rial to be extruded and an outlet for the material toward the
other end; and a fluid inlet and a fluid outlet in the barrel wall,
the fluid inlet and the fluid outlet being separated along the
barrel wall in the longitudinal direction thereof and the screw
elements either having i) a wider pitch or ii) a screw axle of
smaller diameter for that portion of the screw between the
fluid inlet and the fluid outlet than both upstream and down-
stream of the said portion, one of the fluid inlet and the fluid
outlet being connected to a pump so that there is a pressure
difference between the fluid inlet and the fluid outlet, wherein
the fluid outlet is closer to the material outlet than is the fluid
inlet.

2. An extruder according to claim 1 in which the extruder is
a twin screw extruder.

3. An extruder according to claim 1, wherein the pump is in
fluid communication with the fluid inlet or the fluid outlet for
passing fluid through the fluid inlet, the extruder barrel and
the fluid outlet.

4. An extruder according to claim 1, further comprising a
die plate at one end of the extruder barrel, one of the fluid inlet
and the fluid outlet being provided by an aperture in the die
plate.



